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(57)  Method for detecting defects in the closure of
encapsulated vials, comprising the following steps:
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a profilometer, thus obtaining a point cloud.

b) From the point cloud obtained in the previous step,
calculating at least one of the following parameters:

i. Diameter or radius of the closure circumference of the
capsule.

ii. Angle of intersection between the lower skirt and the
side of the capsule.

iii. Length of the lower skirt.

iv. Distance from the end of the lower skirt to the neck of
the vial.

c) Determining whether any of said parameters calculat-
ed in the previous step exceeds a predetermined limit
value.

And device for detecting defects in the closure of
encapsulated vials, comprising a profilometer configured
to scan a profile of the capsule and of the vial and a
control device configured to execute a method such as
that described earlier.
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Description

[0001] The presentinvention relates to a novel method
and device for detecting defects in the closure of vials.
More specifically, the presentinvention discloses a novel
method and device for detecting defects in the closure
of encapsulated vials.

[0002] These days, especially in the pharmaceutical
industry, the use of vials is widespread. The vials are
generally small receptacles which can be used to contain
medicines, samples, etc. in the form of liquids, powders
or capsules. The vials may have different types of clo-
sure, such as encapsulated caps, screw-on caps, flip-up
caps, rubber caps or similar, etc.

[0003] To prevent losses and/or contamination of the
contents of the vial, it is very important to ensure the
correct closure thereof. Among the defects that may oc-
cur in the closure of vials, particularly noteworthy is the
lack of seal of said closure; however, this defect is not
the only one, as vials having a sealed closure may have
another type of defect which, over time, may ultimately
compromise the integrity or seal of the closure. An ex-
ample of defects of this type might be nicks in the capsule
of the encapsulated vials, particularly nicks in the lower
skirt of the capsule.

[0004] To prevent possible problems associated with
a defective closure of the vial, quality controls of said
closure must be put in place. On a small scale, manual
inspection of the vials by an operator is feasible, but on
amedium or large scale manual inspection is not feasible
owing to obvious productivity problems. Because of this,
over time various devices for automatically inspecting
the closure of vials have appeared.

[0005] Patent application publication document PCT
WO 02/057709 A2 discloses a method and apparatus
for detecting the presence of a closure on a container
and determining whether said closure is properly seated.
Said apparatus includes at least two fibre optic heads
positioned opposite one another on either side of a con-
veyor belt or other package transport mechanism. The
fibre optic heads face one another across the path of
travel of a package. The optical fibres of the receiving
head are arranged in a rectangular shape, narrow in the
horizontal direction and long in the vertical direction. The
optic heads are connected to an optical sensor having
an analogue output. As a package having a closure trav-
els down the transport mechanism, the package closure
interrupts portions of the light beam directed at the re-
ceiving head. The optical sensor generates an analogue
trace signal as the closure moves down the conveyor. A
processor samples the analogue signal and determines
the presence and/or position of the closure therefrom.
[0006] Patent application publication document PCT
WO 2012/061441 A1 discloses a system for inspecting
the closures of packaged products employing lasers and
receivers to scan multiple sides of a package, thereby
measuring and determining a pass/fail status of a param-
eter of a package closure. In one embodiment, the sys-
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tem employs two lasers each emitting a beam that cross-
es one another, as well as product inspection path. Pref-
erably, the parameter of a package closure which is eval-
uated is the separation between the lower surface of the
cap and the upper surface of the neck of the vial.
[0007] The two documents mentioned above both dis-
close devices which inspect the closure of vials by optical
means, in other words, without the need for physical con-
tact between the inspection device and the vial, and they
only evaluate the position of the cap relative to the pack-
age. Both systems are incapable of evaluating possible
defects in a capsule which encloses said cap, and the
use thereof is therefore not recommended for inspecting
encapsulated vials.

[0008] Patent application publication document PCT
WO 95/04267 A1 discloses a machine for inspecting
translucent bottles or similar articles, comprising an in-
spection station for checking the article walls, the station
being provided with an illuminating device, an imaging
device and an intermediate mirror assembly which cre-
ates at least two beams, as well as a conveyor which
carries the bottles in single file between the beams. In
order to improve on such an inspection machine, the in-
vention provides for a mirror assembly which creates at
leastthree beams whichilluminate the side wall of a bottle
under inspection from different directions. Said device
may have a first camera inspecting the side walls of the
bottle and a second camera for inspecting the outline
and/or height and/or colour of the bottles to be inspected.
[0009] The inspection machine disclosed by document
WO 95/04267 A1 only inspects the walls of the bottles,
thatis, said machine does not inspect the closure thereof,
and consequently is not capable of detecting defects in
said closure.

[0010] Patent application publication document PCT
WO 2016/202528 A1 discloses a method for inspecting
containers, in particular bottles, wherein the closed con-
tainers are transported by means of a transport appara-
tus and closures applied to the containers are inspected
with regard to tightness and/or correct seating by an in-
spection device. By means of an optical 3D (three-dimen-
sional) measurement method, the inspection device at
least partially senses a container together with the clo-
sure of the container and generates 3D data thereof, in
particular, 3D points, 3D line elements and/or 3D surface
elements. Said 3D data are processed by means of an
evaluation apparatus and the tightness and/or correct
seating of the closure is thereby inferred. Said 3D optical
measurement method comprises 3D stereoscopic meas-
urement by capturing images of at least a portion of the
receptacle and of the closure from at least two points of
view.

[0011] Document WO 2016/202528 A1 also discloses
a container inspection device which comprises a trans-
port apparatus for transporting a closed container which
comprises a closure connected to said container, a 3D
optical measurement device to capture a 3D image of at
least a portion of the container and of the closure; and



3 EP 3 605 010 A1 4

an evaluation device to process the 3D image in order
to determine the tightness and correct seating of the clo-
sure in relation to the container. Said 3D optical meas-
uring device is connected to a diffuse or structured light
source and may be a camera which comprises a stere-
oscopic lens or two or more cameras, each comprising
alens.

[0012] Although the method and the device disclosed
by document WO 2016/202528 A1 may be used for a
variety of containers and closures, said document does
not disclose that said method and device can be used to
inspect encapsulated vials and/or encapsulated clo-
sures, and consequently neither does it disclose what
parameters should be evaluated in order to be able to
detect defects in the closure of encapsulated vials. In
addition, said method and device have the drawback that
measurement of an object in three dimensions by trian-
gulation of points from two images requires a high com-
putational load.

[0013] An object of the present invention is to disclose
a method for inspecting the closure of encapsulated vials
that allows defects in said closure to be detected and
which overcomes the problems of the above-mentioned
methods. To do this, the present invention discloses a
method for detecting defects in the closure of encapsu-
lated vials which comprises the following steps:

a) Scanning a profile of the capsule and of the vial
using a profilometer, said profile corresponding to a
generatrix of the vial which defines a head, a side
and a lower skirt of said capsule, thus obtaining a
point cloud.

b) From the point cloud obtained in the previous
point, calculating at least one of the following param-
eters:

i. Diameter or radius of the closure circumfer-
ence of the capsule, said closure circumference
being defined by the circumference defined by
the fold of the lower skirt of the capsule relative
to the side thereof.

ii. Angle of intersection between the lower skirt
and the side of the capsule.

ii. Length of the lower skirt.

iv. Distance from the end of the lower skirt to the
neck of the vial.

c) Determining whether any parameter calculated in
the previous point exceeds a predetermined limit val-
ue, said limit value indicating whether the encapsu-
lation is or is not correct.

[0014] Preferably, said point cloud is obtained using a
laser profilometer, thatis, said profilometer measures the
surface of the capsule and of the vial by optical means,
that is, without contact. Advantageously, said profilom-
eter measures in two dimensions or 2D, that is, in one
plane. Using a 2D profilometer a point cloud is obtained
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in a Cartesian plane, that is, in a plane defined by the
abscissa and ordinate axes, thus obtaining the profile of
the capsule and of the vial as if a cut had been made
through a cutting plane. Alternatively, said profilometer
measures in three dimensions.

[0015] Advantageously, the profile of the capsule and
of the vial is measured by profilometer using at least two
different exposure times.

[0016] Preferably, the calculation of the diameter or
radius of the closure circumference of the capsule com-
prises the following steps:

a) Calculating a regression circumference of the clo-
sure of the capsule from the point cloud of the side
and lower skirt of the capsule.

b) Measuring the diameter or radius of the regression
circumference, estimating that said regression cir-
cumference is equal to the closure circumference of
the capsule.

[0017] Advantageously, the calculation of the angle of
intersection between the lower skirt and the side of the
capsule comprises the following steps:

a) Calculating the regression line of the side of the
capsule from the point cloud.

b) Calculating the regression line of the lower skirt
of the capsule from the point cloud.

c) Determining the point ofintersection between both
regression lines and the angle formed therebetween.

[0018] Preferably, the calculation of the length of the
lower skirt comprises the following steps:

a) Determining the end point of the lower skirt.

b) Determining the end point of the fold between the
side and the lower skirt of the capsule.

c) Measuring the distance between both points.

[0019] Advantageously, the calculation of the distance
from the end of the lower skirt to the vial comprises the
following steps:

a) Determining the end point of the lower skirt, if not
previously determined.

b) Determining the end point of the neck of the vial.
c) Measuring the distance between both points.

[0020] According to another aspect of the invention,
also disclosed is a device for detecting defects in the
closure of encapsulated vials which comprises a pro-
filometer configured to scan a profile of the capsule and
of the vial and a control device configured to execute a
method such as that described earlier.

[0021] Preferably, said profilometer is a laser profilom-
eter, that is, a contactless measurement device. Advan-
tageously, said profilometer is a two-dimensional pro-
filometer, that is, one that measures in two dimensions.
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A point cloud is thus obtained in a single plane which
corresponds to the profile of the capsule and of the vial.
This measurement is taken directly and with no need to
carry out triangulations, image processing or other type
of complex operations.

[0022] Preferably, said control device also comprises
a vial supply device. Advantageously, said vial supply
device operates continuously. The above allows the con-
trol device to operate in an automated and uninterrupted
manner, as said vial supply device is responsible for
transferring the next vial to the control device once the
inspection of the vial is complete. Advantageously, said
vial supply device may also remove the vial from the con-
trol device after being inspected.

[0023] Preferably, said profilometer carries out the
measurement of the profile using two different exposure
times. Preferably, the first exposure time is between 20
s and 100 ps and the second exposure time is between
150 ps and 500 ps. More preferably, the first exposure
time is between 30 ws and 50 ps. More preferably, the
second exposure time is between 250 s and 350 ps.
Owing to the use of two different exposure times a precise
measurement can be taken along the entire profile of the
capsule and of the vial because, since said capsule and
vial are usually made of different materials, they also
have different optical properties; therefore, particular re-
flection times are effective for measuring the capsule but
produce high reflection on the vial, or vice versa. In other
words, said reflection times are effective for measuring
the vial but produce high reflection on the capsule. By
combining the measurements obtained using both expo-
sure times a precise reading can be obtained along the
entire length of the profile of the encapsulated vial.
[0024] In one embodiment, the profilometer takes the
measurement of the profile using more than two different
exposure times. In said embodiment, the multiple meas-
urements are combined in order to obtain a precise read-
ing of the profile of the vial and of the capsule thereof. In
another alternative embodiment, the profilometer takes
the measurement of the profile using a single exposure
time.

[0025] Preferably, the device comprises means for ro-
tating the vial on its own longitudinal axis, thus obtaining
the profile of the capsule and of the vial along the entire
circumference of said capsule and vial. Advantageously,
the control device is configured to correct and/or absorb
small deviations between the axis of rotation of the vial
and the geometric longitudinal axis thereof; in other
words, the control device is configured to correct the var-
iations that might be produced if the encapsulated vial
rotates eccentrically.

[0026] Alternatively, the device comprises means for
rotating the profilometer about the longitudinal axis of the
vial, thus obtaining the profile of the capsule and of the
vial along the entire circumference of said capsule and
vial. Preferably, the control device is configured to correct
and/or absorb small deviations between the axis of rota-
tion of the profilometer and the longitudinal geometric
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axis of the encapsulated vial; in other words, the control
device is configured to correct the variations that might
be produced if the circumference described by the path
of the profilometer and the vial are not concentric.
[0027] By rotating the encapsulated vial or the pro-
filometer a three-dimensional measurement of the en-
capsulated vial can be obtained from two-dimensional
measurements, and it is therefore possible to detect de-
fects over the entire perimeter of the capsule of the vial.
In this case, preferably, the separation between different
measurement planes is small, for example, 0.5 or 1 de-
gree of circumference. However, it is also possible to
take more spaced out measurements, for example, in
planes separated by 45, 90 or 120 degrees, thus check-
ing the encapsulation at eight, four or three points re-
spectively. It should be understood that the above exam-
ples are simply illustrative and not limiting, and it is pos-
sible to modify the separation between planes as re-
quired.

[0028] The device for detecting defects in the closure
of encapsulated vials described above may be used ei-
ther separately, thatis, withoutbeing associated with oth-
er machines or devices, or in a manner associated with
other equipment forming part of a production or packag-
ing line.

[0029] In this document, the directions horizontal, ver-
tical, up, down, etc. are understood in relation to the nor-
mal working position of the device for detecting defects
in the closure of encapsulated vials, that is, with the lon-
gitudinal axis of the encapsulated vials perpendicular to
the ground.

[0030] For a better understanding, the accompanying
drawings are given as an explanatory but not limiting ex-
ample of an embodiment of the method and of the device
for detecting defects in the closure of encapsulated vials
according to the present invention.

- Figure 1 shows two different vials correctly encap-
sulated.

- Figure 2 shows the vials of Figure 1 having defective
encapsulations.

- Figure 3 is a schematic view of an embodiment of a
device for detecting defects in the closure of encap-
sulated vials.

- Figure 4 is a flow diagram of an embodiment of a
method for detecting defects in the closure of encap-
sulated vials according to the present invention.

- Figure 5 shows the results of the measurement of a
profile of an encapsulated vial using an embodiment
of a device for detecting defects in the closure of
encapsulated vials according to the present inven-
tion and using an exposure time of 40 ps.

- Figure 6 shows the results of the measurement of a
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profile of an encapsulated vial using an embodiment
of a device for detecting defects in the closure of
encapsulated vials according to the present inven-
tion and using an exposure time of 300 ps.

- Figure 7 is a graph of a point cloud corresponding
to a profile of an encapsulated vial resulting from the
combination of the measurements of Figure 5 and 6.

- Figure 8 shows the point corresponding to the end
ofthe lower skirt of the capsule of the vial in the graph
of Figure 7.

- Figure 9 shows the measurement of the length of
the lower skirt of the capsule of the vial based on the
graph of Figure 8.

- Figure 10 shows the determination of the angle of
intersection between the lower skirt and the side of
the capsule of the vial based on the graph of Figure 7.

- Figure 11 shows the determination of the radius of
the closure circumference of the capsule from the
graph of Figure 7.

- Figure 12 shows the determination of the distance
from the end of the lower skirt to the neck of the vial
from the graph of Figure 7.

[0031] In the figures, similar or equivalent elements
have been identified with identical reference numerals.
[0032] Figure 1 shows two different vials correctly en-
capsulated. As can be seen, both vials -100-,-200- have
acap -110-,-210- and a capsule -120-,-220- responsible,
among other things, for holding the cap -110-,-210- firmly
attached to the respective vial -100-,-200- so that a
sealed closure is created. The main difference between
the two vials -100-,-200- arises from the fact that the vial
-100- has a planar cap -110-positioned above the neck
thereof, whereas the vial -200- has a cap -210- which is
inserted in the neck or mouth thereof. On both vials
-100-,-200- the respective capsule -120-,-220- tightly
surrounds the head of the vial -100-,-200-; additionally,
as well as fitting tightly on the lower portion of the head
of the respective vial -100-,-200-, the lower skirt -121-,-
221- of the capsules -120-,-220- has a length similar to
that of the head, thus reaching as far as, or practically
as far as, the neck of the vial -100-,-200-.

[0033] Although In Figure 1 only two types of encap-
sulated vials have been illustrated, the present invention
allows defects to be detected in the closure of any type
of encapsulated vials. To do this, all that is necessary is
to adapt the parameters and limit values to each vial ty-
pology inspected. In addition, the device for inspecting
defects in the closure of vials may be used to detect de-
fects in vials which have other types of closures, such as
screw-on caps, flip-up caps, etc. To do this, all that is
necessary is to modify the programming of the control
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device so as to evaluate parameters specific to each type
of closure.

[0034] In Figure 2 the vials of Figure 1 can be seen,
but having defective encapsulations. As can be seen, in
the vial -100- the lower skirt -121- is too open; in other
words, it is not fitted tightly enough to the lower portion
of the head of said vial -100-. In the vial -200- the length
ofthe lower skirt-221-is too short, thus preventing correct
fitting of the capsule -220- to the head of the vial -200-.
Both types of defects may cause a loss of the hermetic
seal of the closure or even the loss of the product con-
tained in the respective vial.

[0035] The defects illustrated above are only two ex-
amples of defects that can be detected using the method
and the device object of the present invention. However,
the present invention allows a greater variety of defects
in the closure of encapsulations of vials to be detected.
[0036] Figure 3 is a schematic view of an embodiment
of a device for detecting defects in the closure of encap-
sulated vials according to the present invention. As can
be seen, the profilometer -10- measures a profile of the
encapsulated vial -20- using optical means, that is, with
no contact. In the embodiment shown measurement is
carried out in one plane, that is, in two dimensions, more
specifically in the plane of incidence of the laser beam
emitted by the profilometer -10-.

[0037] Asmentioned earlier, in the embodiment shown
the measurements of the profile of the vial and the cap-
sule are taken in two dimensions, and therefore only de-
fects in the encapsulation of the vial that are present in
said plane can be detected. However, embodiments exist
which allow defects to be detected at a plurality of points
on the perimeter of the encapsulation, for example, four
points separated from one another by 90 degrees. Said
separation between different measurement planes can
be reduced to a point where measurement can be con-
sidered to be continuous along the entire length of the
perimeter of the capsule and of the vial, for example, by
measuring every 0.5 or 1 degree of circumference. Thus,
an essentially three-dimensional measurementof the vial
is obtained by linking the plurality of measurements made
in one plane or in two dimensions.

[0038] The above-described device for detecting de-
fects in the closure of encapsulated vials may be used
separately, in other words, as a quality control station
independent of the production or bottling line, or may be
associated with a vial production or bottling line.

[0039] In order to allow multiple measurement points
along the circumference of the vial, various embodiments
of the presentinvention existin which, while the profilom-
eter is in a fixed position, the vial rotates about its longi-
tudinal axis. In other embodiments, the vial remains in a
fixed position and it is the profilometer which rotates
about the longitudinal axis of the vial. In both embodi-
ments the rotation is produced by a motor which actuates
a corresponding mechanism.

[0040] Although optional, preferably the control device
of the device for detecting defects in the closure of en-
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capsulated vials according to the present invention is
configured to absorb and/or correct small eccentricities
in the rotation of the vial or of the profilometer. Depending
on the type of embodiment, said eccentricities may be
due to misalignments between the longitudinal axis of
the vial and the axis of rotation of the profilometer or to
misalignments between the axis of rotation of the vial and
the geometric axis thereof.

[0041] The use of multiple measurement planes along
the perimeter of the vial and the respective capsule there-
of allows the inspection quality to be raised, that is, it
increases the probability of detecting defects in the en-
capsulation, should said defects exist. In addition, by us-
ing continuous or substantially continuous measure-
ments, defects can be located that are difficult to detect
by more isolated measurements, such as nicks in the
lower skirt of the capsule.

[0042] Figure 4 is a flow diagram of an embodiment of
a method for detecting defects in the closure of encap-
sulated vials according to the present invention. Said
method begins with the first step -1000-which consists
in scanning or measuring a profile of the capsule and of
the vial using a profilometer in order to obtain a point
cloud corresponding to said profile of the capsule and of
the vial. In the embodiment shown, said measurement
is taken in one plane, in other words, two-dimensionally.
[0043] Following the first step -1000- at least one of
the following sub-steps is carried out: calculating the di-
ameter or radius of the closure circumference of the cap-
sule -2001-, calculating the angle of intersection between
the lower skirt and the side of the capsule -2002-, calcu-
lating the length of the lower skirt -2003-, measuring the
distance from the end of the lower skirt to the neck of the
vial -2004-.

[0044] The third step -3000- consists in determining
whether or not any of the parameters calculated in steps
-2001-, -2002-, -2003-, -2004- exceeds a predetermined
limit value. If any of said parameters does exceed the
respective limit value, this means that the encapsulation
is incorrect or defective. Although there are also possible
embodiments in which only one of said parameters is
evaluated, it is recommended that all, or at least a pair
thereof, are evaluated, as the more parameters evaluat-
ed, the greater the certainty that the encapsulation of the
vial is satisfactory and complies with all the established
requirements. It is important to mention that embodi-
ments are also possible which evaluate more parameters
than those calculated in steps -2001-, -2002-, -2003-,
-2004-.

[0045] In the embodiment shown, the limit value of
each parameter may be modified depending on the type
of vial, the type of capsule, etc. To do this, the control
device may store a database or similar containing optimal
limit values for each type of vial and capsule.

[0046] Figure 5 shows the results of the measurement
of a profile of an encapsulated vial using an embodiment
of a device for detecting defects in the closure of encap-
sulated vials according to the present invention and using
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an exposure time of 40 ps.

[0047] Figure 6 shows the results of the measurement
of a profile of an encapsulated vial using an embodiment
of a device for detecting defects in the closure of encap-
sulated vials according to the presentinvention and using
an exposure time of 300 ps.

[0048] Given that the vials and the respective caps
and/or capsules thereof are usually made of different ma-
terials and, consequently, have different optical proper-
ties, a particular exposure time of the profilometer may
measure a portion of the profile of the vial-capsule as-
sembly reliably and nevertheless produce imprecise
measurements on another portion owing to the reflexions
of the laser beam on the surface measured. To avoid
these problems, in the embodiment shown in the figures,
the profilometer -10- measures a particular profile of the
vial -20- (see Figure 3) using two different exposure
times; in other words, it measures the same profile twice,
each time using a different exposure time, in order sub-
sequently to combine both measurements thus obtaining
a precise measurement along the entire profile of the vial
-20- (see Figure 7).

[0049] As can be seen in Figure 5 and 6, in the em-
bodiment shown, a first exposure time is 40 ps and a
second exposure time is 300 ps. However, in other em-
bodiments said exposure times may be different. Both
figures show the raw measurement, that is, without car-
rying out any processing, obtained by the profilometer
-10-. Although the embodiment shown only uses two dif-
ferent exposure times, other embodiments of the present
invention may use more than two different exposure
times.

[0050] The device for detecting defects in the closure
of encapsulated vials according to the present invention
may vary the exposure times depending on the typology
of the vial and capsule that is to be measured. To do this,
the control device may store a database or similar con-
taining the optimal exposure times for each type of vial
and capsule.

[0051] Figure 7 is a graph of a point cloud correspond-
ing to a profile of an encapsulated vial resulting from the
combination of the measurements of Figure 5and 6. This
figure shows the points obtained from the measurement
using a laser profilometer -10- and an exposure time of
300 s (see Figure 6) as a fine line and the points ob-
tained from the measurement using a laser profilometer
-10- and an exposure time of 40 ps (see Figure 5) as a
thick line.

[0052] As can be seen, in Figure 7 the units of the ab-
scissa and ordinate axes are in mm, whereas in Figure
5 and 6 the units are in pixels. As will be seen, in Figure
8 to 12 the units used on the abscissa and ordinate axes
are also in mm. The units used in Figure 5 to 12 are
merely illustrative and are simply an example. In other
embodiments different units, for example inches, may be
used.

[0053] In Figure 7 an essentially continuous line can
be seen which represents a profile of the vial and the
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capsule thereof. However, a discontinuity or gap can be
seen in said line, corresponding to the separation or dis-
tance between the end of the lower skirt of the capsule
and the neck of the vial -20-. Based on the graph of Figure
7, Figure 8 to 12 show the determination of different pa-
rameters which allow the presence of defects in the en-
capsulation of the vial to be evaluated. Unlike Figure 7,
in which the profile has been shown with a fine or thick
line depending on the exposure time with which the pro-
filometer obtained the data, to improve the clarity of Fig-
ure 8 to 12, the profile has been shown with a uniform
line. For illustrative and didactic reasons, each of Figure
8 to 12 shows only an enlargement of the specific area
of Figure 7 on which the calculation is carried out, thus
omitting the illustration of the other portions. However, it
should be understood that the device and method ac-
cording to the present invention operate with the entire
profile obtained, shown as an example in Figure 7.
[0054] In Figure 8 the point corresponding to the end
of the lower skirt of the capsule of the vial can be seen.
In this figure the end point of the lower skirt is indicated
by a hollow arrow. Although the determination of the end
point of the lower skirt is not in itself indicative of the
correct or incorrect state of the encapsulation of the vial,
as will be detailed below, it certainly is important for de-
termining the different parameters to be evaluated.
[0055] Figure 9 shows the measurement of the length
of the lower skirt of the capsule of the vial. To determine
the length of the lower skirt of the capsule of the vial the
two ends of the vial must be determined. The determi-
nation of one of which, more specifically the far end, is
shown in Figure 8. Consequently, the initial point of the
lower skirt must be determined, or more specifically, the
end point of the fold between the side and the lower skirt
of the capsule, i.e. the point where the fold between the
side and the skirt ends and said lower skirt begins. By
approximating the fold between the side and the lower
skirt to an arc of circumference, or to a circumference
(see Figure 11), and approximating the lower skirt to a
straight line (see Figure 10), the initial point of the skirt
can be approximated as the point of tangency between
said circumference and said straight line.

[0056] Once the two ends of the lower skirt have been
determined, the length thereof can be measured as the
straight line distance between the two points (see dimen-
sion line on the graph), the distance between the projec-
tions of both points on the abscissa axis (see dimension
line on the graph) and/or the distance between the pro-
jections of both points on the ordinate axis (for illustrative
purposes, the drawing thereof has been omitted in Figure
9).

[0057] If the length of the lower skirt is less than a pre-
determined threshold value depending on the type of vial
and capsule, this means that the encapsulation may not
be properly attached to the neck of the vial and that said
encapsulation is therefore defective. An example of this
type of defect can be seen in Figure 2. It may also be the
case that the length of the lower skirt is greater than the
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permitted or desired length, that is, that the length ex-
ceeds an upper limit value.

[0058] Figure 10 shows the determination of the angle
of intersection between the lower skirt and the side of the
capsule of the vial. To do this, the regression line of the
side of the capsule and of the lower skirt of said capsule,
-r1- and -r2-, respectively, is calculated. Once both re-
gression lines -r1-,-r2- have been calculated, the angle
-a- which is formed therebetween is calculated. Said an-
gle -a- indicates "how open or closed" the lower skirt of
the capsule is. In the embodiment shown, a small angle
-a- indicates that the lower skirt is too open, that is, is not
properly attached to the neck of the vial, and therefore,
among other possibilities, the capsule might not form a
hermetic seal or might even come loose. An example of
said defect can be seen in Figure 2.

[0059] Figure 11 shows the determination of the radius
of the closure circumference of the capsule. To do this,
from the point cloud corresponding to the fold between
the side and the lower skirt of the capsule a regression
circumference -c1- is calculated, which conforms as
closely as possible to the points measured using the laser
profilometer -10-. Once the regression circumference
-c1- is calculated it is assumed that the closure circum-
ference is equal to said regression circumference -c1-,
and then the diameter and/or radius of said closure cir-
cumference is measured and/or calculated. Said radius
and/or diameter of the closure circumference is an indi-
cation of whether or not the lower skirt is correctly folded,
since an excessive diameter and/or radius, in other
words, one which exceeds a predetermined limit value,
is an indication that the lower skirt may be too open or,
put another way, insufficiently folded.

[0060] Figure 12 shows the determination of the dis-
tance from the end of the lower skirt to the neck of the
vial. For this calculation the end point of the lower skirt
must have been determined. If said end point has previ-
ously been determined, the device and the method ac-
cording to the present invention make use of the calcu-
lation already made. If said calculation has not yet been
determined the end point of the lower skirt is determined
in a way similar to that illustrated as an example in Figure
8.

[0061] Once the end point of the lower skirt of the cap-
sule of the vial has been determined, the next step con-
sists in determining the end point of the neck of the vial,
in other words, from among the entire point cloud meas-
ured by the laser profilometer -10-, the first point corre-
sponding to the neck of the vial, which, more specifically,
is the first point following the gap which appears in the
point cloud measured. In Figure 7 to 12 said gap has
been shown as a broken line and represents the sepa-
ration between the lower skirt of the capsule and the neck
of the vial.

[0062] In the embodiment shown, said separation be-
tween the lower skirt of the capsule and the neck of the
vial can be measured in two different ways. The first con-
sists in measuring the length of the straight line which
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connects the two end points, in other words, the length
of the straight line which connects the end point of the
lower skirt to the end point of the neck of the vial. The
second consists in measuring the separation between
the end point of the lower skirt and the end point of the
neck of the vial as the distance between both points in
the respective projection thereof on the ordinate axis. In
Figure 12 a pair of dimension lines has been shown il-
lustrating both ways of measuring the separation or dis-
tance between the lower skirt of the capsule and the neck
of the vial.

[0063] Although in this embodiment in order to deter-
mine the distance from the end of the lower skirt to the
neck of the bottle the end point of the lower skirt of the
vial is first determined and then the end point of the neck
of the vial is determined, embodiments also exist where
said order is reversed.

[0064] All the data and graphs processing shown can
be carried out automatically in the control device com-
prised in the device for detecting defects in encapsulated
vials according to the present invention. To do this said
control device has special software for processing and
analysing data and graphs.

[0065] Although the invention has been presented and
described with reference to embodiments thereof, it
should be understood that said embodiments do not limit
the invention, and so it is possible to vary multiple struc-
tural or other details which might be evident to persons
skilled in the art after interpreting the subject matter dis-
closed in the present description, claims and drawings.
In particular, in principle and unless explicitly stated oth-
erwise, all the characteristics of each of the different em-
bodiments and alternatives shown and/or suggested can
be combined with one another. Thus, all variants and
equivalents will be included within the scope of the
present invention if they can be considered covered by
the broadest scope of the following claims.

Claims

1. Method for detecting defects in the closure of encap-
sulated vials, characterised in that it comprises the
following steps:

a) Scanning a profile of the capsule and of the
vial using a profilometer, said profile corre-
sponding to a generatrix of the vial which defines
a head, a side and a lower skirt of said capsule,
thus obtaining a point cloud.

b) From the point cloud obtained in the previous
step, calculating at least one of the following pa-
rameters:

i. Diameter or radius of the closure circum-
ference of the capsule, said closure circum-
ference being defined by the circumference
defined by the fold of the lower skirt of the
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capsule relative to the side thereof.

ii. Angle of intersection between the lower
skirt and the side of the capsule.

iii. Length of the lower skirt.

iv. Distance from the end of the lower skirt
to the neck of the vial.

c) Determining whether any parameter calculat-
edin the previous step exceeds a predetermined
limit value, said limit value indicating whether
the encapsulation is or is not correct.

Method according to claim 1, characterised in that
said cloud point is obtained using a laser profilom-
eter.

Method according to either claim 1 or claim 2, char-
acterised in that the calculation of the diameter or
radius of the closure circumference of the capsule
comprises the following steps:

a) Calculating a regression circumference of the
closure of the capsule from the point cloud of
the side and lower skirt of the capsule.

b) Measuring the diameter or radius of the re-
gression circumference, estimating that said re-
gression circumference is equal to the closure
circumference of the capsule.

Method according to any of the preceding claims,
characterised in that the calculation of the angle of
intersection between the lower skirt and the side of
the capsule comprises the following steps:

a) Calculating the regression line of the side of
the capsule from the point cloud.

b) Calculating the regression line of the lower
skirt of the capsule from the point cloud.

c) Determining the point of intersection between
both regression lines and the angle formed ther-
ebetween.

Method according to any of the preceding claims,
characterised in that the calculation of the length
of the lower skirt comprises the following steps:

a) Determining the end point of the lower skirt.
b) Determining the end point of the fold between
the side and the lower skirt of the capsule.

c) Measuring the distance between both points.

Method according to any of the preceding claims,
characterised in that the calculation of the distance
from the end of the lower skirt to the vial comprises
the following steps:

a) Determining the end point of the lower skirt,
if not previously determined.
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b) Determining the end point of the neck of the
vial.
c) Measuring the distance between both points.

Device for detecting defects in the closure of encap-
sulated vials, characterised in that it comprises a
profilometer configured to scan a profile of the cap-
sule and of the vial and a control device configured
to execute a method according to any of claims 110 6.

Device according to claim 7, characterised in that
said profilometer is a laser profilometer.

Device according to either claim 7 or claim 8, char-
acterised in that said profilometer is a two-dimen-
sional profilometer.

Device according to any of claims 7 to 9, character-
ised in that it also comprises a vial supply device.

Device according to claim 10, characterised in that
said vial supply device operates continuously.

Device according to any of claims 7 to 11, charac-
terised in that said profilometer measures the pro-
file using two different exposure times.

Device according to any of claims 7 to 12, charac-
terised in that it comprises means for rotating the
vial on its own longitudinal axis, thus obtaining the
profile of the capsule and of the vial along the entire
circumference of said capsule and vial.

Device according to any of claims 7 to 12, charac-
terised in that it comprises means for rotating the
profilometer about the longitudinal axis of the vial,
thus obtaining the profile of the capsule and of the
vial along the entire circumference of said capsule
and vial.
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